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Abstract

Background.
Vaccine-induced immune thrombotic thrombocytopenia (VITT) is a rare syndrome of unclear aetiology occurring after DNA-based vaccinations against
COVID-19. The aim of this study was to investigate the DNA vaccine-encoded Sars-cov-2 soluble spike protein (SP). as a potential trigger of platelet activation
in VITT.

Methods.
We studied three VITT patients and seven healthy controls (HCs) within 3 weeks from the �rst dose of ChAdOx1 nCoV-19, and one non vaccinated HC. Serum
levels of SP and soluble angiotensin-converting enzyme 2 (sACE2), ACE2 expression in platelets and platelet response to VITT serum stimulation were studied.
A thrombus retrieved during mechanical thrombectomy from one VITT patients, was analysed by immunohistochemistry for SP and ACE2. Neutrophil
extracellular traps (NETs) markers and coagulation parameters were also measured.

Results.
We detected serum SP (up to 35 days post-vaccination) and sACE2 in all VITT patients, and respectively in two and three out of 7 vaccinated HCs. Only
platelets from one non-vaccinated HC expressed ACE2. VITT sera markedly activated platelets and this activation was inhibited by both anti-SP and anti-
FcγRIIA blocking antibodies. The thrombus showed positive immunohistochemical labelling of platelets using an anti-SP antibody with reduced ACE2
expression, compared to a thrombus from a pre-pandemic stroke patient. Markers of endothelial dysfunction, NETs and hypercoagulability state were present
in all VITT sera.

Conclusions.
The present data provides �rst evidence that DNA vaccine-encoded Sars-cov-2 SP is detectable in VITT sera (several weeks post-vaccination) and in a platelet-
rich thrombus, and that may contribute to the initial platelet stimulation in VITT patients.

Introduction
Vaccine-induced immune thrombotic thrombocytopenia (VITT) is a recently described extremely rare1 but catastrophic syndrome, occurring 5 to 30 days after
the �rst dose of the adenoviral vector-based vaccines, ChAdOx1 nCoV-19 and Covid-19 Janssen Vaccine, both encoding the full length of the Sars-cov-2 spike
protein (SP).1–9 Although it resembles autoimmune heparin-induced thrombotic thrombocytopenia (HIT), due to the development of antibodies against the
platelet factor 4 (PF4)-polyanion complexes,2,10 the aetiopathogenesis and particularly the link between vaccination and the induction of anti-PF4 antibodies
is still unknown.

Recent studies have ruled out a cross-reaction between the anti-Sars-cov2 SP antibodies and PF4 or PF4/heparin complexes,11 and no correlation has been
detected between the levels of anti-PF4 and anti–SARS-CoV-2 neutralizing antibodies after ChAdOx1 nCoV-19 vaccination, excluding the possibility that the
anti-PF4 antibodies are a side-product of the physiological immune response to the vaccine.12 Structural studies have shown that the VITT anti-PF4
antibodies are different from the HIT anti-PF4 antibodies as they bind directly to the heparin-binding site on PF4,13 thus mimicking the effect of heparin in HIT,
inducing immune complex formation and platelet stimulation. However, low-titre anti-PF4/polyanion antibodies were detected in some individuals who had
received the ChAdOx1 nCoV-19 and even the mRNA vaccine Biontech/P�zer, but had not experienced thrombosis or thrombocytopenia.14 Thus other vaccine
components may be participating in platelet stimulation.

Pre-printed data indicate that ChAdOx1 nCoV-19 vaccine constituents can form antigenic complexes with PF4, inducing a potent anti-PF4 antibody production;
notably EDTA, a vaccine ChAdOx1 nCoV-19 constituent, can increase microvascular permeability disseminating vaccine components into the blood stream
and potentiating in�ammatory response with antibody production and procoagulant neutrophil extracellular traps (NETs) formation (NETosis).15,16 ChAdOx1
nCoV-19 vaccine contains also signi�cantly higher amount of host cell protein impurities compared to the Covid-19 Vaccine Jansen explaining, at least in part,
the higher incidence of VITT after ChAdOx1 nCoV-19.16

Sars-cov2 is an mRNA virus, not designed to be transcribed inside of the nucleus. Recently, it has been demonstrated that inside the nucleus adenoviral DNA
can undergo to alternative splicing, which could lead to the synthesis of soluble SP variants with potentially serious side effects including platelet activation.17

In this study, we tested this hypothesis considering also that.VITT shares some characteristics with severe COVID-19 disease including: development of
circulating platelet-activating immunocomplexes, NETosis, endothelial dysfunction, thrombocytopenia and thrombosis18–21. Moreover, since a possible pro-
thrombotic role of Sars-coV-2 and its SP through ACE2 platelet receptors activation has been recently demonstrated in COVID-19 critically ill patients,18 we
also tested the hypothesis that SP could activate platelets directly through its link with ACE2 receptors on platelets.
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Study Cohort
a) VITT Patients.

We studied three patients with VITT after ChAdOx1 nCoV-19 vaccination. Data of patients 1 and 2 have been detailed elsewhere.22 Brie�y, patient 1 was a 57-
year-old woman with right middle cerebral artery (MCA) infarct, portal vein and pulmonary artery thrombosis and thrombocytopenia 9 days after vaccination.
Anti-PF4/polyanion antibodies were initially negative, but high serum levels were found on day 15 from admission. She underwent endovascular
thrombectomy and to decompressive craniotomy due to malignant MCA infarct. Effect of intravenous immunoglobulin on platelet count was striking but
transient and she underwent three plasma exchange procedures from day 15 after admission. Thrombocytopenia remained stable for more than two months,
and then platelet count slowly returned to normal values. On discharge, two months and 10 days after stroke onset, platelet count was 157,000 per mm3.

Patient 2 was a 55 year-old woman with bilateral malignant MCA infarcts, portal vein and pulmonary artery thrombosis, rapidly progressive thrombocytopenia
(from 133.000 at onset 10 days after vaccination till 66.000 48 h later) and high titer of anti-PF4/polyanion complexes. Brain death was declared 24 h later.

Patient 3 was a 59 year-old male affected by hypertension treated with an ACE inhibitor and a calcium channel blocker, who developed complete intra-
extrahepatic portal system and partial superior mesenteric vein thrombosis 11 days after vaccination. At admission he had severe thrombocytopenia
(15.000/mm3), high levels of D-dimer and low level of �brinogen. Anti-PF4 polyanion antibodies were positive on day 1 after hospital admission.

Main demographic, clinical and laboratory characteristics of the three patients are summarized in Table 1.

 
Table 1

Demographics, clinical and laboratory summary of patients with VITT on admission
VITT
Patient

Age Sex Prexisting

Conditions

Time from
Vaccine to
symptoms

(days)

Ddimer

(µg/L)

(reference
value

0-500)

FBG

(mg/dL)

(reference
value
200–
400)

PLT
count

(per
mm3)

(reference
value

150,000-
450,000)

NETs

(ELISA)

OD405

Anti-
PF4
(ELISA)

OD405

Site of
Thrombosis

Treatment for
VITT

Out

1 57 F Hypothyroidism

Previous breast
cancer

9 > 4318 366 44,000 0.231 Neg* Right MCA 
+ PV+

Pulmonary
arteries

IVIG

Steroid

Fondaparinux

PE

PLT transf.

Fat

2 55 F Hypothyroidism 10 5441 336 133,000 1.696 1.29 Bilateral
MCA + PV+

Pulmonary
arteries

IVIG

Steroid

Fat

3 59 M Hypertension 9 > 4309 177 15,000 0.724 1.76 Intra- and
extra-
hepatic PV
+

Partial
superior
mesentheric
vein

IVIG

Steroid
Fondaparinux

PE

PLT transf.

Rec

(MCA: middle cerebral artery; PV: portal vein; PE: plasma exchange; PLT transf.: platelets transfusion; IVIG: intravenous immunoglobulin (1 gr/kg for 2 days). 
levels of anti-PF4 antibodies were found at day 24 from vaccination (1.68 optical density - OD405)

b) Vaccinated healthy controls.

Seven voluntaries participated to this study. The median age was 37 (range 28–50); 1 of 7 was male. They received the �rst dose of ChAdOx1 nCoV-19 within
the previous 12 days (median; range 5–16). Within 24 h from vaccination 5/7 controls suffered from headache, 3/7 developed fever (up to 39°C), 4/7
complained muscle pain at the site of vaccine inoculation and at both legs. All these symptoms resolved in a few days. Past medical history of all seven
controls was unremarkable. Subject 5 was a light smoker. Nobody used to take prescription medicines.

c) Non-vaccinated healthy control.

One healthy non-vaccinated volunteer participated to this study. She was a 55-year old woman who suffered from hypertension treated with diuretics.
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Ethics

The study has been approved by the Ethics Committee of the University La Sapienza of Rome (study number 6305). All patients (or their representatives) and
all volunteers provided written informed consent. Experimental procedures were conducted in accordance with the Declaration of Helsinki.

Data Sharing

Data will be made available to researchers upon reasonable request.

Methods
Blood samples from three VITT patients obtained within 72 h from admission and from seven vaccinated healthy controls (HCs) were used in this study.
Blood was collected into serum silicone-coated tubes and centrifuged at 1500 G for 15 minutes. Serum samples were aliquoted and stored at -80° C until time
of testing. Platelets taken from blood samples of VITT patient 3, one vaccinated HC (control 6) and one non-vaccinated HC, were collected into tubes
containing sodium citrate and treated for western blot.

Patient 1 serum was tested several times during hospitalization.

Coagulation Factors VIII and XIII, total levels of VWF-Antigen (VWF:Ag) and its capability to adhere to platelet glycoprotein complex GPIb-IX-V (VWF-Ristocetin
Cofactor, VWF:RCo), were measured in all patients within 72 h from hospital admission and in all healthy vaccinated controls.

An enzyme-linked immunosorbent assay (ELISA) for IgG, IgA, and IgM antibodies (Immucor, Lifecodes, Waukesha, WI) against PF4–polyanion complexes
(reference values, < 0.50 OD units) was performed on VITT patient sera and on 2 out of 7 controls.

Further description of methodology is reported in the Supplementary material online.

Results
Diagnosis of VITT was based on the high levels of pan antibodies (IgG, IgM and IgA) to PF4-polyanion complexes (Table 1) and positivity of the serum-
induced platelet function test.22,23 Controls showed neither anti-PF4 antibodies nor positive serum-induced platelet activation (Table 2). Coagulation
parameters at admission were normal in all VITT patients except for a low �brinogen level in patient 3 (Table 1). Factor XIII was markedly decreased and FVIII
was slightly increased in VITT patients compared to vaccinated controls (Figure S1). None of the patients had laboratory �ndings suggestive of thrombotic
thrombocytopenic purpura. All VITT patients showed evidence of endothelial activation with signi�cantly elevated VWF:RCo as compared to vaccinated HCs
(Figure S1). Serum markers of NETs were elevated in all patients compared to HCs, particularly in patient 2 (Table 1). In patient 1, serum markers of NETs were
modestly increased upon admission, than decreased as the platelet count recovered and increased again as the platelet count dropped (Table S1).
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Table 2
Soluble Sars-cov-2 spike protein (SP), soluble ACE2 (sACE2), anti-PF4 antibodies dosed in serum collected within 72 h from hospital admission for VITT

patients and within 16 days from �rst dose of ChAdOx1 nCov-19 vaccination in healthy controls.
Study cohort Days from

vaccination

to samples

SP

(pg/ml)

sACE2

(ng/ml)

Anti-PF4 (ELISA)

OD405

Pt 1 9 0.869 1.1929 1.68

Pt 2 10 0.868 2.843 1.29

Pt 3 15 1.165 32.876 1.76

  10

(median)

     

Control 1 12 0 0 NA

Control 2 14 0 0.533 NA

Control 3 12 2.6 1.0094 0.09

Control 4 16 1.88 2.561 0.41

Control 5 12 0 0 NA

Control 6 15 0 0 NA

Control 7 5 0 0 NA

  12

(median)

     

Reactivity on PF4 ELISA OD 405 reference values < 0.5. Value 0 means that the protein has not been detectable with this methodology. Pt: patient. NA: not
available. OD: optical density.

All VITT serum samples showed detectable levels of soluble SP within 72 h from the index thrombotic event and 15 days from vaccination (median 10 days),
whereas only 2 out of seven controls had measurable levels of serum SP within 16 days (median 12 days) from vaccination. Soluble ACE2 was also
detectable in all VITT sera. Patient 3 presented the highest concentration of sACE2 (see Table 2). Among vaccinated HC, only three subjects showed
detectable sACE2: the two subjects with the detectable SP and one patient without detectable SP.

Consecutive blood tests were performed for Patient 1 at different time points post-vaccination (Table S1). SP was still detectable at 35 days post-vaccination
with values comparable to those detected at days 9 and 11. sACE2 level peaked on day 24 post-vaccination. Although a consistent reduction in ELISA
reactivity for anti-PF4 antibodies was observed 20 days after plasma exchange, platelet functional activity test showed 20% ATP release after 20 minutes and
this activation was reduced to 6% and 3% with low and high heparin concentration respectively.

ACE2 protein surface expression was absent on platelets obtained from patient 3 and from one vaccinated HC (Control 6), but was detected on platelets from
a non-vaccinated HC (Fig. 1).

Sera from all 3 VITT patients induced the activation of platelets from healthy donors also in a distinct analysis evaluating the activation of integrin αIIbβ3 by
�ow cytometry. The anti-FcγRIIA blocking antibody inhibited the observed activation. To test the hypothesis that SP could bind to ACE2 receptors on platelets
and synergize with the immune complexes/FcγRIIA pathway to induce platelet activation, we stimulated the platelets from healthy donors with patients’ sera
pre-incubated with an antibody targeting the S1 subunit of the SP. A partial inhibition of serum-induced platelet integrin activation was observed, reaching
statistical signi�cance in patient 1 (Fig. 2).

Histological features of clots retrieved during the two subsequent mechanical thrombectomies in patient 1 were already described.22 The clot collected during
the �rst thrombectomy was a “white” thrombus (Figure S2) mainly composed of platelets massively in�ltrated by neutrophils (Fig. 3A). Double staining with
anti-CD61 (platelet marker) and anti-Sars-cov-2 SP antibodies showed co-localization of the two antigens (Fig. 3A). Immunohistochemistry showed weak but
diffuse Sars-cov-2 SP staining which co-localized with ACE2 staining (Fig. 3B). A thrombus retrieved from a pre-pandemic age- and sex-matched stroke patient
showed a stronger diffuse staining for ACE2 (Fig. 3H) but no evidence of staining for SP (Fig. 3I).

Discussion
Emerging evidence suggests that platelet activation in VITT is mediated by the production of anti-PF4/polyanion antibodies followed by generation of
IgG/PF4/polyanion immunocomplexes, massive neutrophil activation and release of NETs, endothelial activation and eventually diffuse venous and arterial
thrombosis.15,24 Although the adenoviral vector has been proposed as the �rst trigger of platelet activation, this hypothesis is still unproven. Here, we provide
evidence for an alternative mechanism that may generate a cascade of events culminating in full-blown VITT.



Page 6/9

We have detected the Sars-cov-2 SP in serum of three VITT patients within 72 h from the index thrombotic event up to 35 days from vaccination, suggesting
that these patients might be experiencing a prolonged/excessive production of the SP. We also observed that the SP co-localized with platelets in sections of
the “white” arterial thrombus retrieved by Patient 1. As far as we know, this is the �rst evidence of SP inside a retrieved thrombus in VITT.

It has been demonstrated that Sars-cov-2 and the SP alone can directly activate platelets via ACE2/SP interaction and that platelet activation is suppressed by
the recombinant human ACE2 protein and anti-SP monoclonal antibody.18 Accordingly, we have found a partial suppression of platelet integrin activation in
all VITT patients by using an antibody directed against the Sars-cov-2 spike protein S1 subunit. Since stimulation of platelets by SP leads to PF4 release,18 it
could then trigger platelet activation by forming IgG/PF4/polyanion immunocomplexes in individuals that express high levels of andi-PF4 antibodies.

A progressive reduction of ACE2 expression on platelets of critically ill COVID-19 patients and on platelets incubated with the Sars-cov-2,18 as well as on
alveolar epithelial cells incubated with puri�ed Sars-cov recombinant SP,25 has been observed. This evidence suggest a possible internalization and
subsequent degradation18 or cleavage (or shedding)26,27 of the ACE2 receptor induced by the Sars-cov-2 and puri�ed SP. We found ACE2 protein expressed on
platelets of non-vaccinated HC, but not on those collected from a VITT patient, and ACE2 expression level was lower on platelets inside the VITT thrombus
compared with a pre-pandemic control thrombus. Although limited to few subjects, these observations suggest a possible ACE2 receptor down-regulation on
platelets in VITT. We detected sACE2 in serum from all three VITT patients with the highest levels in patient 3 who suffered from hypertension and used to take
an ACE-inhibitor medication. Levels of ACE2, the main host cell receptor for the Sars-cov2, in human body is probably genetically determined.28 Besides its
membrane form, which drives the virus into the host cell, a soluble ACE2 is well known, in part resulting from proteolytic cleavage and ectodomain
shedding.26,27 Recently, although high levels of sACE2 have been observed in critically ill COVID-19 patients, a possible neutralizing and protective effect of
sACE2 on virus spreading into the bloodstream has been hypothesized,29,30 and clinical trials in COVID-19 with human recombinant soluble ACE2 are ongoing
(https://www.clinicaltrials.gov; NCT04287686). In this regard, it is interesting that only patient 3, whose sACE2 levels were quite high, recovered from VITT.

Based on our data we postulate a multiple-hit model for platelet activation in VITT aetiopathogenesis. The �rst hit being the direct interaction between the
Sars-cov-2 SP and the ACE2 receptors on platelets and endothelial cells. Activated endothelial cells would induce platelet recruitment and adhesion by
exposing adhesion receptors and releasing VWF. Activated platelets would release their granular contents which include large amounts of PF4 and enable the
formation of immune complexes in individuals expressing high levels of anti-PF4 antibodies. The second hit being the stimulation of FcgRIIA by
IgG/PF4/polyanion immune complexes resulting in the ampli�cation of platelet activation; the third hit being the stimulation of neutrophils by
IgG/PF4/polyanion immune-complexes and platelets, resulting in the release of NETs which in turn stimulates coagulation and platelets.15,24 Interestingly,
patient 2 whose clinical course was rapidly fatal showed the highest level of NETs. A support to this 3-hit hypothesis is also the �nding that despite the
negativity of anti-PF4 antibodies at 35 days from admission, patient 3 serum continued to activate healthy donors’ platelets and still had detectable levels of
soluble SP in the serum.

Some observations on vaccinated HCs need consideration. Unexpectedly, we found SP in serum of 2 out of 7 vaccinated HCs within 16 days from the �rst
dose of ChAdOx1 nCoV-19. Both of them presented also detectable levels of sACE2. Neither of these two controls presented anti-PF4 antibodies, nor their sera
could activate platelets from healthy donors. We can hypothesize that soluble SP variants capable of activating platelets are produced very rarely from
alternative splicing events. A lower ACE2 receptor expression on platelets, possibly genetically-determined, could also justify the different chance of platelets
to be activated by soluble SP. Other authors have found the full length SP and S1 subunit in plasma of respectively 3/13 and 11/13 healthy subjects who
received the �rst dose of mRNA-1273 vaccine (Moderna),31 but clearance of both proteins correlated with IgG and IgA production. The clinical signi�cance of
this and our �nding in HC is still unknown and more studies are warranted, but it seems to represent a harmless phenomenon.

One limitation of our study is the small number of participants. A second limitation is that we have not quanti�ed the Sars-cov-2 nuclear antigen in serum to
rule out a possible Sars-cov-2 infection, nor performed a Sars-cov-2 RNA in situ hybridization in addition to immunohistochemistry on thrombus of patient 1.
However, all three patients were assessed to be negative for COVID-19 infection by rRT-PCR test on nasopharyngeal swab and patient 2 also on
bronchoalveolar lavage. Serum antibodies to SP (IgG) were positive only in patient 1 suggesting an asymptomatic previous infection.

In conclusion, the present data provides �rst evidence that 1) DNA vaccine-encoded Sars-cov-2 soluble SP is detectable in VITT patients’ serum up to several
weeks post-vaccination; 2) SP appears to co-localize with platelets in a thrombus retrieved from a VITT patients; 3) ACE2 expression on platelets seems to be
reduced in VITT patients; 4) anti-SP antibody can partially inhibit platelets activated by VITT sera. All this data suggest that SP may be one of the platelet
activation triggers in VITT via binding to ACE2 receptors expressed on platelets, and in part on endothelium. Anti-PF4/polyanion antibodies development could
represent an epiphenomenon, which ampli�es platelet aggregation, NETosis and coagulation cascade. This data needs to be con�rmed by studies on larger
samples of subjects.
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Figures

Figure 1

Platelet ACE2 was detected in platelets from one non vaccinated healthy control (NV-HC), whereas it was not detected in one vaccinated-healthy control
(control 6; V-HC) and in patient 3 (VITT). The ACE2 protein levels were detected by Western blot. A representative image of 3 experiments is showed. β-actin
has been used as loading control.
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Figure 2

Serum-induced platelet activation evaluated through the activation of integrin αIIbβ3 by �ow cytometry was inhibited by the FcγRIIA blocking antibody (α-
FcγRIIA) in all patients and was decreased by an antibody anti Sars-cov-2 spike protein (α-Spike). Summary data of 3 experiments are presented using pooled
platelets from three different healthy donors. Statistical analyses were performed using two-way Anova with Tukey's multiple comparisons test. *P < 0.05; **P
< 0.01. P1: patient 1; P2: Patient 2; P3: Patient 3

Figure 3

Thrombus from VITT patient 1 was rich in platelets and stained positive for Sars-cov-2 Spike protein (SP) and ACE2 A. Double immuno�uorescence of
thrombotic material retrieved from right middle cerebral artery of Patient 1 during the �rst mechanical thrombectomy. On hematoxylin-eosin stain (H&E), the
thrombus was made up almost exclusively by platelets, with abundant granulocytes. Platelets within the area encircled in A are stained in red with CD61
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antibodies, the SARS-CoV-2 SP is stained in green, while the nuclei of the in�ammatory cells are stained in blue with DAPI. Overlap of SARS-CoV-2 SP and
platelets is shown in yellow (merge). B. Immunohistochemistry highlights the presence of SARS-CoV-2 SP associated with decreased amounts of ACE2, within
the thrombus of Patient 1 (P1) as compared with a thrombus retrieved from a patient in the pre-pandemic era (CTL).
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